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Definitions  

50/90 Rule  ͈̓ЋϓƚŤϓǔŬŌϓľǜűƇņűƑťϋǈϓƽŌģƄϓƇƚģņϓģĿĿƚǜƑǔǈϓŤƚǀϓ͌̓ЋϓƚŤϓģƑƑǜģƇϓƚƽŌǀģǔűƑťϓ
hours.  

Thermal Highway  A convective circulation circuit.  

Commonly Used  Acronyms & Abbreviations  

ABAS Advanced Building Automation System  
AMI Advanced Metering Infrastructure  
APS Advanced Power Strips  
ASHP Air Source Heat Pump  
ASHRAE American Society of Heating, Refrigeration, & Air -Conditioning Engineers  
ASO Automated System Optimization  
ATL Ambient Temperature Loop  
BAS Building Automation System  
BMS Building Management System  
BTU British Thermal Unit  
CBECS Commercial Building Energy Consumption Survey  
CDD65 Cooling Degree Day, 65 F̄ base temperature  
CLCPA Climate Leadership and Community Protection Act  
COP Coefficient of Performance  
CO2 Carbon Dioxide  
CWA Clean Water Act  
DER Distributed Energy Resource  
DER CAM Distributed Energy Resource Customer Adaptation Model (software)  
DPS Department of Public Service  
EER Energy Efficiency Ratio  
EUI Energy Utilization Index  
GHX Ground Heat Exchanger  
GSHP Ground Source Heat Pump  
HDD65 Heating Degree Day, 65 F̄ base temperature  
HVAC Heating, Ventilation, and Air Conditioning  
kW kilo-Watt (1,000 W)  
kWh  Kilo-Watt hours  
MT Metric Tons  
NYS New York State 
NYSDEC New York State Department of Environmental Conservation  
NYSERDA New York State Energy Research & Development Authority  
O&M Operation & Maintenance  
PSC Public Service Commission  
PV Photovoltaic  
PVT Solar Thermal  
SDWA Safe Drinking  Water Act  
SF Square Foot  
SPDES State Pollutant Discharge Elimination System Permit  
WETS Waste Energy Transfer Systems  
WSHP Water Source Heat Pump  
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Pursuant to the current Joint Proposal, 
New York State Electric and Gas (NYSEG) 
and Rochester Gas and Electric (RG&E, and 
together with NYSEG, the Companies) , 
subsidiaries of Avangrid , Inc., engaged 
LaBella Associates , The Grey Edge Group, 
and Aztech Geoth ermal to perform a study 
on the feasibility of deploying geothermal 
district energy systems in the  :ƚƏƽģƑűŌǈϋϓ
service territory including  identifying  sites 
for potential district geothermal system 
pilot projects within Monroe County, 
Tompkins County, Chenango County, and 
Otsego County. 8 For each potential pilot 
site, a group of buildings were selected, 
site geological conditions reviewed, a 
preliminary loop design was constructed, technical feasibility assessed  plus a narrative was 
developed on the economic impact, technical feasibility, ownership options, and finally 
permitting & regulatory considerations, ownership options, and geology impacts. A narrative was 
also developed establishing a framework for future identification and selection  of locations for  
district geothermal systems.  

A high-level look at the four counties was performed that identified townships, villages, and cities 
that are the most densely occupied, and therefore have the highest energy density. Using this 
information, numer ous potential host sites were identified with  the potential for hosting a large 
district geothermal system with surrounding infrastructure that lends itself to future loop 

expansions of the clean thermal 
network. Weighted criteria were  
developed to objecti vely select the 
three highest ranked sites to be 
evaluated in more detail, which included 
load diversity (20%), on-site thermal 
resources (15%), expandability (15%), risk 
(15%), building diversity (10%), potential 
for ease of conversion (10%), and on-site 
electric resources for PV (5%). 

The first site that was identified is 
centered around the Spectrum 
Communication Center located in South 
Wedge, a neighborhood in Rochester, 
NY. This site contains a large office 
building, sev eral small commercial 
buildings , and surrounding  residential 
buildings. Adjacent to the site is the 
Genesee River. A conceptual system 
layout was developed using a 5G 
ambient temperature loop  pulling 

Figure 2: Rochester Site Map 

Figure 1: Potential Pilot Site Locations 
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thermal capacity from the 
Genesee River, wastewater mains, 
and geothermal borefields located 
beneath a large parking lot.  

The second site that was identified 
is centered around Tops Plaza in 
Norwich, NY. This site consists of a 
grocery store plaza with ne arby 
residential and commercial 
buildings, The large parking lot 
serves as an excellent thermal 
resource for the neighboring areas 
and the large cooling load present 
in a grocery store balances the 
loop ν reducing the need for more 
boreholes to offset the  heating -
dominant homes and small 
buildings  seen in this region. A 
conceptual system layout was 
developed using a 5G ambient 
temperature loop pulling thermal 
capacity from vertical  boreholes 
located beneath a large parking 
lot.  

The third and final site that was 
identified is in a densely 
populated area in Ithaca in 
Tompkins County . This site 
consists of a small grocery store, a 
wastewater treatment plant, 
several commercial buildings, 
residential buildings, and the 
nearby Cayuga Inlet. This site has 
a multitude of potential thermal 
resources including parking lots, 
surface water, ground water and 
wastewater main lines. In addition, 
the grocery store presents a large 
cooling load used to bala nce a 

closed loop approach. Issues with site geology in the Ithaca region were noted as previous drillers 
encountered briny aq uifers at depths of approximately 150 feet in the area. This limits the depth 
at which boreholes can be drilled and requires addit ional boreholes to provide sufficient BTUs to 
the site, or for thermal resources to be gathered from surface water or wastewater. A conceptual 
system layout was developed using a 5G ambient temperature loop pulling thermal capacity 
from the nearby Cayuga I nlet, wastewater mains, and shallow -depth boreholes located beneath 
ģϓƽģǀƄűƑťϓƇƚǔέϓ ƑϓģƇǔŌǀƑģǔŌϓģƽƽǀƚģĿŬϓǴƚǜƇņϓľŌϓǔƚϓƚƽŌǀģǔŌϓǔŬŌϓņűǈǔǀűĿǔϓģǈϓģϓťǀƚǜƑņϓǴģǔŌǀϓƚǀϓψƚƽŌƑωϓ
system taking advantage of the generous pressurized aqu ifer to distribute ground water to heat 
exchangers located at each building. The advantages to be further investigated would include 

Figure 3: Norwich Site Map 

Figure 4: Ithaca Site Map 
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lower system pumping energy, higher annual building heat pump efficiency, less dependance 
on balancing building loads and lower installation costs. There are also a number of items to be 
addressed specific to this approach, including but not limited to: the location of supply wells, the 
viability  of using an infiltration gallery (or other discharge methodology ), protection of ground 
water, and potential mainten ance issues that may outweigh  the advantages.  

Site geology had a large impact on the proposed system designs. Two of the most densely 
populated cities within ǔŬŌϓ:ƚƏƽģƑűŌǈϋ service territories, Ithaca and Rochester, have geological 
constraints that prohibit drilling of wells boreholes to depths of 500 feet ν which is considered 
the most cost-effective  way of accessing thermal resources for closed loop systems. Other 
methods o f leveraging existing heat sources were included in the conceptual site layouts to 
demonstrate  the technical feasibility of leveraging less common sources of energy.    
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The New York State Climate Leadership 
and Community Protection Act (C LCPA) 
committed the state to a 40% reduction in 
greenhouse gas emissions by 2030 from 
1990 levels to 2030 levels, 100% clean 
electricity by 2040, and ultimately an 85% 
reduction in carbon by 2050. The goals set 
forth by the state require s a 
decarbonization  effort across all major 
economic  greenhouse gas emitting 
sectors statewide. 1 

According to the Department of 
GƑǳűǀƚƑƏŌƑǔģƇϓ:ƚƑǈŌǀǳģǔűƚƑϋǈϓκAG:λϓ̓̈́ͅͅϓ
Statewide GHG Emissions Report, the 
Buildings Sector ranks #1, representing 
32% of the Statesϋ total emissions . One of 
the largest uses of fossil fuels is associated with space heating of buildings , resulting in a 
significant carbon footprint rivaled  only by the Transportation Sector coming in at 28%. 7 A 
common strategy to reduce th e carbon footprint of buildings is to convert fossil fuel systems to 
electric -based systems with the knowledge that the utility scale electric generation sources will 
transition towards carbon neutral generation in the future. Common electric heating techn ologies 
in the marketplace today include water -source heat pumps, air source heat pumps, variable 
refrigerant flow systems, and electric resistance heating systems.  

Geothermal heating and cooling systems most commonly interact directly with water -source 
heat pumps and utilize the mild, constant ground temperature as a means of heating or cooling 
water . This water is used as a thermal  source and/or sink that in turn can be pumped to a heat 
pump to provide hot or cold air to the space for use in space condit ioning or water heating. 
Electric resistance heating is 100% efficient, meaning 100% of the electricity used by the unit is 
translated into heat in the space ; geothermal heating systems commonly perform up to an 
efficiency  of between 300% to 500% (i.e., a Coefficient of Performance ( COP) of 3 to 5) by using 
electric ity to leverage thermal resources in the ground. This increase in efficiency not only 
reduces energy consumption and operating costs, but also helps reduce the increase in the peak 
electric load  on the building and surrounding electric grid.  

The reduction in energy consumption using geothermal energy resources can further be 
reduced by configuring multiple buildings in a district application where as the loop can share  in 
aggregate the diversity o f heating and cooling loads and operate at an economy of scale that 
improves the total cost effectiveness of the system. Buildings with different cooling and heating 
load profiles are able to generally  peak at a different time  over the course of a day, red ucing the 
need for an additional number of boreholes and therefore total system installation cost. This 
concept has been proven as technically and economically feasible across the world and can 
potentially serve as a means of replacing gas service in the f uture.  

Despite their proven economic and technical feasibility, a number of barriers exist that have 
complicated the deployment of district geothermal systems in New York State. This study 
reviews both the technical aspects of district geothermal systems and their associated economic 

Figure 5: Target Counties 
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impacts in an effort to identify prospective pilot sites and establish a framework for future 
evaluation of sites on a broader scale.  

The scope of this study entails a high -level look at four counties in the :ƚƏƽģƑűŌǈϋ service 
territory to establish a set of criteria for identifying future sites along with the recommended  sites 
for participation in a pilot program. The four counties are Monroe, Tompkins, Otsego, and 
Chenango counties ν all of which have gas service, electric s ervice, or both. Conceptual system 
layouts were identified with an accompanying overview of economic impact, ownership 
scenarios, and permitting and regulatory considerations .  

Approach  

The approach used in identifying pilot sites took a broad view, lookin g at energy intensities and 
population density in each of the four counties. Focusing on the most densely occupied areas, 
ǔŌƑϓψǈŬƚǀǔϓƇűǈǔωϓǈűǔŌǈϓǴŌǀŌϓǈŌƇŌĿǔŌņϓǴŬűĿŬϓŬģǳŌϓűƑŤǀģǈǔǀǜĿǔǜǀŌϓĿģƽģľƇŌϓƚŤϓǈǜƽƽƚǀǔűƑťϓņűǈǔǀűĿǔϓ
geothermal loops, potential for replicab ility throughout the :ƚƏƽģƑűŌǈϋ service territory, and the 
potential for being a cost -effective solution . Using this set of criteria and a weighted evaluation 
matrix, the three final sites were evaluated in more detail to identify loop configuration, energ y 
performance, installation/conversion costs, ownership models, and other regulatory issues that 
require consideration.  

The graphic below illustrates the process used to narrow -down potential pilot sites  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Å Develop evaluation criteria for selecting potential pilot project 
sites 

Å Identify potential sites with highest population centers based on 
community type, potential for renewable energy, load diversity, 
and building density  

Å Select different types of pilots that are most economically 
advantageous and replicable  

Identify 
Potential Pilot 

Sites 
Å Identify state and local codes and regulations that influence the 

design, construction, and overall cost -effectiveness of pilots  
Å Define thermal energy exchange options that are fea sible  
Å Identify the types of heat pumps and configuration options that can 

be supported to best suit thermal loads  
Å Develop district geothermal heating designs that are most 

economically advantageous  
Å Evaluate different distribution piping system configurat ions 
Å Evaluate piping interconnections  
Å Evaluate what equipment is required to move, direct, meter, 

and control thermal energy flow through piping network  

Identify System 
Designs Suitable 

for Target 
Counties  

Identify Most 
Practical and 

Cost-Effective 
Opt ions  

Å Evaluate top potential pilot types in more detail, including:  
Å Develop high -level design of proposed district loop with 

descriptions of key design features and capabilities  
Å Identify key costs for design, installation, commissioning, 

operation, and maintenance  
Å Model energy performance of loop and buildings to 

determine energy cost impacts, carbon reduction, and 
lifecycle costs of the system as it relates to the system owner 
and interconnected buildings  

Å Evaluate ownership options of key  systems including utility 
ownership, municipal ownership, or third -party ownership.  

Figure 6: Project Approach  
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The methodology laid out in the following sections provides a basis for the Companies  to 
evaluate future potential district geothermal sites based on publicly available information. 
Characteristics such as load diversity and thermal exchange resources are explained in this report 
to provide a high -level understanding of the selection criter ia for the Companies  to consider for 
broader application within its respective service territories.  
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OVERVIEW OF GEOTHERMAL SYSTEMS 

_ŌƚǔŬŌǀƏģƇϓŌƑŌǀťǺϓľǀƚģņƇǺϓǀŌŤŌǀǈϓǔƚϓǔŬŌǀƏģƇϓŌƑŌǀťǺϓľŌƑŌģǔŬϓǔŬŌϓŌģǀǔŬϋǈϓǈǜǀŤģĿŌϓǔŬģǔϓĿģƑϓľŌϓ
brought to th e surface for use for heating, cooling, or to generate electricity. In a geothermal (or 
ground source) heat pump system , ŌģǀǔŬϋǈ relatively constant temperature is used as an 
exchange medium instead of outside air.  

Fluid is pumped down into the 
earth through a series of buried 
pipes which acts as a heat 
exchanger to heat or cool the 
fluid before being pumped to a 
heat pump to condition spaces 
or heat water. By leveraging the 
temperature of th e earth, 
building systems are able to 
operate more efficiently for both 
heating and cooling purposes 
when compared to technologies 
such as an air-source heat 
pump . 

The most common end use of 
geothermal heat pump systems is space heating and cooling, along with water heating 
applications. Traditional applications involve a single closed loop ground heat exchanger(s) that 
is piped into a single building serving its heating and cooling loads. With recent legislation 
discouraging the use of fossil fuels, the co ncept of district geothermal applications have become 
more popular;  link together several different buildings within a single network, all served by a 
common set of ground heat exchangers. This approach allows buildings to offset thermal loads 
using their inherent load diversity and creates an economy of scale that makes this approach 
more cost effective in most circumstances.  

The most common types of  ground heat exchangers involve vertical boreholes drilled straight 
down into the earth; however, this is n ot the only type of feasible system. Due to geological 
constraints, available land area, surrounding infrastructure, and other site considerations, a variety 
of other thermal sources/sinks can be used instead of or in addition to traditional vertical 
boreh oles. Additional thermal sources include horizontal borefield s, perched aquifer s, 
geothermal piles, sewer main lines, complimentary building loads, and surface water resources.  

DISTRICT ENERGY SYSTEMS 

The primary concept behind a district geothermal system is to provide a shared loop between 
multiple buildings in order to allow for the exchange of thermal energy between buildings that 
have diverse thermal load profiles. The sharing of these loads allows  the system to have a more 
balanced loop and therefore reduces the need for boreholes in the ground to act as the sole 
energy source in the networked system. The loop is pumped by a series of circulation pumps 
and feed water -source heat pumps in the connec ted buildings.  

From a performance perspective, the greater the number of buildings that are connected to a 
common loop, particularly  with a diverse set of heating and cooling load profiles, the greater  the 

Figure 7: Geothermal Heating & Cooling Conceptual Diagram  14 
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potential economic advantage is to the system.  This economic 
advantage will be realized  in a lower installed cost and more 
efficient heat pump operations, lowering the connected 
buildings operating costs long term.  

There are several types of ground source heating systems, 
commonly referred to as 3rd ge neration  (3G), 4G, 5G, 6G, and 
so on. The different generations of loop technology 
demonstrate advances made in loop design over the course of 
the last 20 years. The proposed loop design for the pilot 
projects is a 5G ambient temperature loop.  

4G Systems 

A 4G thermal energy network features a central plant 
distribution network with a 4 -pipe configuration. Separate hot 
and cold distribution pipes are used, each  with a separate 
supply and return. The separate hot and cold distribution 
network pipes require  water setpoints for heating and are much 
higher than needed for the discharge air and the water 
setpoints for cooling are colder than needed for cooling 
discharge air ν resulting in lower overall system -wide 
efficiency.  

In 4G systems, distributed multi -source thermal energy 
resources (geothermal, solar thermal, surface water, 
wastewater) must be integrated into the central plant. In 
addition, waste heat from cooling -dominant  loads cannot be 
recycled in this scenario.  

5G systems  

A 5G ambient temperature loop system features a network of 
autonomous, interconnected single -pipe loops. Ambient 
temperature water is circulated and maintained between 45 -
95F. Multiple sources of thermal energy resources can be 
connected to the loops including ground  source, solar thermal, 
surface water, and wastewater.  

Waste heat from connected buildings can be recycled in this 
configuration, which allows the loop to leverage the building 
load diversities to limit the amount of supplemental energy 
resources that are  needed to connect to the system ν therefore 
allowing it to operate more efficiently with a lower upfront cost.  

Using this concept of recycling heat within the loop requires 
the loop to include balanced heating and coolin g loads- 
whereas the cumulative heating and cooling loads over the 
course of a year must be relatively equal in order to avoid 
thermally saturating the loop  ν which leads to a decease in loop 
efficiency.  Figure 8 demonstrates the disproportionate amount 
of heating required in cities throughout New York State in 
comparison to cooling loads. There are approximately 
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twice as many heating degree days than cooling degree days over the course of a year.  

One method of combating that imbalance is to install supplemental heating technologies to 
reduce the excess heating loads throughout the year. Another approach is to incorporate cooling -
dominant buildings into the clean thermal network such as grocery stores, ic e rinks, data centers, 
or refrigerated warehouses in order to inject thermal energy into the network loop.  

Volumes are monitored through a central control system, with leak detection placed at each 
building with automatic shut -off valves to ensure the int egrity of the system.  

Benefits from  5G systems include modularity, scalability, expandability, component location 
flexibility, and allowance for incorporation of technology upgrades. Due to its nature of design, 
ambient temperature loops can be implemente d as stand-alone loops or interconnected with 
adjacent loops forming an integrated ambient temperature thermal network or grid. The system 
can expand when a loop that connects a block of buildings is connected to an adjacent loop 
serving another group of b uildings by way of bi -directional transfer laterals.  

Ambient temperature loops can also be implemented in a variety of sizes, ranging from small 
neighborhoods to large cities with tens of thousands of tons worth of connected load. Since there 
is no centralized energy resource, the systems are easily expandable and can be tailored to fit 
specific street layouts, building systems, and accommodate for future buildouts  and 
interconnections.  

Given the modular nature of the loop, technology upgrades of any of t he individual components 
of the system can be integrated without interrupting the operation of the ambient temperature 
loop (ATL) network system. Pumps and valves can be upgraded  within easily accessible 
mechanical rooms and pumping stations.  Heat pumps w ithin building s can be replaced  and large 
heat pump capacities can be upgraded by simply plugging in expansion units.  

System Resiliency  

The piping for these systems is placed underground generally using high density polyethylene  
piping that is resistant to  earthquakes and other tectonic forces. This type of piping is also resistant 
to water freezing and has heat -fused joints that are stronger than the pipe itself.  

The system is also resistant to polar vortexes or heat waves in that it is sized to accommoda te for 
those weather events. Coexistence  with existing gas infrastructure will enable the district 
geothermal system to relieve pressure on the distribution during a peak event. Standby 
generation in the event of power outages can be integrated in order to  maintain operation of the 
circulation pumps.  

Repair and replacement of parts will involve servicing mechanical rooms and vaults ν which are 
standard to all mechanical systems. Underground piping contains strategically placed isolation 
valves and crossover  piping that typically protect the system and allow for repairs to the system 
without needing to shut down the entire loop.  

Interconnection  

The proposed layout of the loop is a 
primary -secondary system. The 
primary is typically a one -pipe loop, 
generally running along a street in 
front  of or behind the connected 
buildings. The buildings and other 
assets may be attached in parallel or Figure 9: Conceptual System Interconnection  
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in three pipe configurations , depending on the application .  The connect ion to the building -level 
system may or may not have an isolating heat exchanger to separate the building loop from the 
network loop.  This is determined on a case -by-case basis. 

Other piping systems include parallel piping, standard central plant piping, and three pipe 
systems. These systems are not considered here due to their lower efficiency and lack of 
versatility.  

THERMAL RESOURCES 

Several different thermal resources can be integrated  into 
district geothermal systems. Depending on geology at the 
site, availability of wastewater mains, and proximity to 
rivers, lakes, and ponds all can play a role in providing heat 
to the loop.  

Ground Source Heat Exchangers  

Ground source systems are among the most popular types 
of systems seen in the marketplace today. Traditional 
vertical boreholes are closed loop systems in which a 
vertical borehole is drilled deep into the ground (typically 
up to 500 feet in depth) and pip es are routed down into the 
wells in a U-shaped form and filled with grout. These 
systems are typically spaced in grids with approximately 15 
to 25 feet of spacing between boreholes in order to 
maximize long -term thermal performance between the 
loop and th e ground.  

Horizontal ground source systems are another variation on 
the loop and are typically installed in trenches at least four 
feet deep and 2 feet wide. As shown in the image to the 
right, this option requires less drilling, but also requires 
significantly more surface area to trench in the piping at the 
site.  

Wastewater Heat Exchangers  

Waste Energy Transfer Systems (or WETS) leverage 
municipal and building wastewater streams which are often 
in the range of 55 to 75°F throughout the year.  These 
systems generally fall into two categories:  

1. Building -level WETS 
2. District energy -level WETS 

Building -level WETS are applied when a facility has sufficient wastewater volume and r elated 
hot water demand.  Typically, these applications include multifamily buildings (>75 units), 
hospitals, breweries, commercial laundries, and mixed -use developments.  

íŬŌǈŌϓǈǺǈǔŌƏǈϓǔŌƑņϓǔƚϓǀǜƑϓűƑϓģϓψľģǔĿŬωϓƏƚņŌβϓƚƑϓģϓņŌƏģƑņϓŤƚǀϓŬƚǔϓǴģǔŌǀΨϓģϓǈƚƇűņǈ-handling pump 
moves effluent from a holding tank into a tank surrounded by a heat exchanger.  The refrigeration 
cycle is energized  and heat is moved from the effluent to the hot water.  When either the effluent 
reaches a temperature setpoint or the hot water h as reached its setpoint, the refrigeration is 
stopped, and the effluent tank is emptied into the wastewater pipe leaving the building.  The 

US Department of Energy  

US Department of Energy  

Figure 10: Example GHX 
Configurations   13 
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cycle repeats as needed.  In some applications, a secondary heat recovery circuit is used to 
access heat from the bu űƇņűƑťϋǈϓfċ :ϓǈǺǈǔŌƏǈϓƚǀϓģƑϓģƏľűŌƑǔϓǔŌƏƽŌǀģǔǜǀŌϓƇƚƚƽέϓ^űťǜǀŌϓ̈́̈́ϓľŌƇƚǴϓ
illustrates this concept. It should be noted that the wastewater never comes into direct contact 
with the geothermal fluids.  

 

 
Figure 11: Building-Level WETS using building wastewater as a heat source/sink  

District Energy -Level WETS shift from a batch mode of operation to a continuous mode of energy 
transfer.  The energy transfer can remove heat from or add heat to the District Energy Loop (ATL) 
depending upon the ATL temperature and th e wastewater temperature.  

Maintenance is typically performed on these systems once or twice per year and entails opening 
the solids separator to inspect for any material accumulation. There are current applications of 
this technology out in the marketplace  including a 1,000-ton system in Vancouver, BC.  

It is important to note that an application that  combines storm and sanitary sewers would require 
an analysis on the impact  of winter events on the effluent temperature, such as snow or freezing 
rain. Some municipalities have placed a lower limit on the effluent discharged from a WETS in 
order to limit it to the temperature of the entering city water.  

Surface Water  

Surface water (rivers, ponds, lakes, subterranean stormwater holding systems, etc.) can be an 
ŌŤŤŌĿǔűǳŌϓŬŌģǔϓǈƚǜǀĿŌϓƚǀϓǈűƑƄέϓϓkŤϓǔŬŌϓľƚņǺϓƚŤϓǴģǔŌǀϓűǈϓĿƇģǈǈűŤűŌņϓģǈϓψƑģǳűťģľƇŌωΨϓƽŌǀƏűǔǔűƑťϓƏģǺϓľŌϓ
required by the Corps of Engineers.  Additionally, the NYS DE C would need to be engaged for 
any significant ground water discharges that may be a part of a clean thermal network.  

íŬŌϓψĿƚƑƑŌĿǔűƚƑωϓǔƚϓǈǜǀŤģĿŌϓǴģǔŌǀϓǔǺƽűĿģƇƇǺϓǔģƄŌǈϓƚƑŌϓƚŤϓǔǴƚϓκͅλϓŤƚǀƏǈβϓƽƇģĿŌϓģϓĿƇƚǈŌņ-loop heat 
exchanger in the body of water or pump th e water to a heat exchanger where the energy is 
transferred. 

Surface water heat exchangers generally take two (2) forms:  

1. Plate-type heat exchangers  
2. Coiled-pipe heat exchangers  
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Plate-type heat exchangers are typically comprised of multiple flat -plate heat e xchangers where 
the heat transfer fluid flows through the closed -loop flat plates to provide either heat rejection or 
absorption.  Plate construction is typically stainless steel or titanium depending on the water 
chemistry (fresh versus seawater).  These systems are relatively compact for their capacity and 
are shipped factory -assembled for field piping and placement.  

Coiled-pipe heat exchangers may be configured as a flat arrangement or as individual coil 
bundles. If the primary loop has any non -potable w ater chemicals or antifreeze, it is 
recommended that the surface water heat exchanger be separated from the primary loop with a 
separate heat exchanger in case of a leak in the surface water heat exchanger.  

In general, if surface water is pumped from the s ource to a heat exchanger, the intake structure 
should be placed in a location to minimize the potential for thermal cross -contamination.  In a 
flowing body of water (river), this means the intake should be upstream and ideally out in the area 
of higher fl ow instead of at the riverbank.  The return should be located downstream of the intake.  
Care should be exercised if the intake/discharge structures are located in an area where boats 
may anchor. 

Piping configuration is typically supply and return connecti ons to the primary loop with a 
dedicated circulating pump.  If metering of the quantity of thermal contribution is desired, this can 
be achieved via a flow meter and two temperature sensors, or a smart pump VFD (which 
calculates flow +/ - 3-5% accuracy) with two temperature sensors.  

Solar Thermal  

Solar Thermal (PVT) systems include the attachment of a hydronic heat transfer panel to the 
backside of each solar PV panel, then connecting these panels via tubing to a pump and heat 
exchanger.  In New York, this type of installation could yield up to 4 MMBtu  of heat per year per 
square meter of solar PV.  Refer to the figure below.  

  
Figure 12: Example of Solar PVT impact on net energy production  

In the heating mode, the hydronic panel absorbs heat from the backside of the solar PV panel, 
cooling the panel and increasing its nominal efficiency by 2 -3%. At night or when the air 
temperatures are favorable, these hydronic panels can also provide heat rejection (nominally 1 
ton per 10 square meter) with fans, water consumption, chemical treatment, or any chance of 
Legionella. In many applications, the added thermal capture will increase the overall energy input 
(electric & thermal) by up to three times the original capacity.  

A hydronic heat 
absorber panel behind 
the PV panel increases 
the overall energy 
output by up to 3x.  

Heat can be rejected at 
night, similar to a 
cooling tower.   

Traditional PV Panel      Solar PVT Panel 
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Solar PVT systems would be connected to an ambient temperature loop with a heat exchanger 
to allow an antifreeze solution to be used in the hydronic panels. A pump would circulate the PVT 
fluid through one side of the heat exchanger  when the hydronic panels provided a beneficial heat 
transfer either in the heating or cooling mode. A second pump would move the thermal energy 
from the heat exchanger to the ATL.  

Mechanical Heat Recovery  

In most conventional systems, excess heat is gener ated as a byproduct of mechanical processes 
such as mechanical cooling, air compression systems, or electricity generation. Typically,  this 
excess heat is rejected into the environment as waste heat. It is possible, and becoming more 
common in the HVAC ind ustry, to recover this heat through the use of heat exchangers to temper 
incoming air or water in order to increase the net energy efficiency of the system. This heat can 
also be moved to a geothermal loop and stored for future use.  

A common example and p roof of concept of this is combined heat and power (CHP) electric 
generation plant s ν where the net efficiency of the system can be increased from approximately 
30% to over 75% efficient.  

HVAC SYSTEM INTEGRATION 

The primary driver behind most conversions to electric HVAC systems is its ability to displace 
ŤƚǈǈűƇϓŤǜŌƇϓŌƿǜűƽƏŌƑǔϓǴűǔŬϓŌƇŌĿǔǀűĿϓŌƿǜűƽƏŌƑǔέϓíģƄűƑťϓűƑǔƚϓĿƚƑǈűņŌǀģǔűƚƑϓ©ŌǴϓĒƚǀƄϓàǔģǔŌϋǈϓ͇̓̓ͅϓ
goal of providing 100% carbon -free electricity, this approach allows the systems to eventually 
achieve carbon -neutrality, which would provide a significant reduction in carbon emissions 
throughout the state.  

Current electric heating and cooling technologies in the marketplace today include water source 
heat pumps (WSHP), ground source heat pumps (GSHP), air sou rce heat pumps (ASHP), multi -
source heat pumps, and ductless mini split systems. Taking into consideration overall system 
efficiency and the expected increase in electric consumption from a widescale conversion to 
electric heating, a highly efficient netwo rk of WSHPs or GSHPs provides an opportunity to 
leverage exi sting thermal resources in order to mitigate the increase in peak electric load .  

Air Source Heat Pumps  

Air source heat pumps (without some 
modification) ca nnot be integrated into 
ambient temperature loops; however 
dual, multi, and poly -modal heat pumps 
can be integrated. These systems 
comprise of a refrigeration system with a 
compressor and copper or aluminum 
coils with fins to aide with heat transfer. 
In heating mode, liquid refrigerant on the 
outside coil removes heat from the air 
and evaporates into gas ν releasing heat 
from the refrigerant as it condenses back 
into gas. Equipped with a reversing 
valve, the direction of flow can be 
changed to reverse the c ycle and 
alternate between heating and cooling 
modes.  Figure 13: CHP System Sankey Diagram 
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Typical air source heat pumps have a seasonal coefficient of performance between 1.5 and 2.5 in 
cold climates  which exceeds electric resistance heating, but  is not as efficient as ground source 
heat pumps. 13 In addition, air source heat pumps do not operate efficiently at lower temperatures 
and rely on supplemental heating, often electric resistance , to meet the heating needs of the 
spaces it is serving.  Typical lifespans for air source  heat pumps are listed at 15 years in the NYS 
Technical Resource Manual (TRM).15 

Mini Split Systems  

§űƑűϓǈƽƇűǔϓŬŌģǔϓƽǜƏƽϓǈǺǈǔŌƏǈϓģǀŌϓǔǺƽűĿģƇƇǺϓťƚƚņϓģƽƽǀƚģĿŬŌǈϓǔƚϓǜǈŌϓŤƚǀϓŬƚǜǈŌǈϓǴűǔŬϓψƑƚƑ-ņǜĿǔŌņωϓ
heating systems such as radiant panels and wood/kerosene space heaters. These systems are 
more easily implemented where installing additional ductwork is not feasible.  

Like standard air -source heat pumps, these systems consist of an outdoor 
compressor/condenser and an indoor heating uni t. There are versions of this technology with 
water -source compressor units, that can connect to a ground source network.  Ducted systems 
safely move conditioned air where ductless systems move refrigerants via copper tubing to the 
space to condition either  air or a hydronic fluid.  These systems can contain a significantly higher 
volume of refrigerants as compared to packaged GSHP and WSHP systems.  

Water Source Heat Pumps  

Water source heat pumps (WSHP) connect to the ambient temperature loop for the heat s ource 
and sink. For the purposes of this study, WSHPs are unitary devices (i.e., a single packaged unit 
that both heats and cools) in the building, controlled by the building, not by the ambient 
temperature loop.  

As previously mentioned, these heat pumps are connected to a hydronic system, whether it is an 
ambient temperature loop,  or a loop served by mechanical equipment in a boiler/cooling tower 
arrangement for instance. The water that the  unit receives is pre -conditioned, allowing the heat 
pumps to oper ate much more efficiently  than an air source heat pump - often exceeding a COP 
of 5. This increase in efficiency reduces energy consumption, which has a significant impact on 
seasonal electric usage and electric loads during peak hours.  

GSHPs do not need supplemental systems if sized properly for their application due to the ATL 
operating in a more favorable temperature range than even individual building ground heat 
exchangers. This ensures that water/ground source heat pumps will be at their highest 
efficiencies and highest capacities most of the time. In contrast, air source heat pumps lose a 
good portion of their efficiency at the extreme air temperatures to which they are exposed. The 
effective useful life (EUL) for ground source  heat pumps  is listed as 25 years in the NYS TRM. 20 
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GEOLOGICAL CONSIDERATIONS 

The site geology plays a critical role in the design of a ground heat exchanger.  The service 
territories of NYSEG/RG&E contain a wide range of geological conditions that impact the the 
methods and depths of drilling and installing geothermal boreholes.  Particular features can either 
benefit or detract from the cost effectiveness of a particular project.  Based on Central and 
ČŌǈǔŌǀƑϓ©ŌǴϓĒƚǀƄϋǈϓǀŌťűƚƑģƇϓťŌƚǔŬŌǀƏģƇϓņǀűƇƇűƑťϓĿģƽģĿűǔǺ, ideal conditions  would feature a few 
feet of unconsolidated material (i.e., overburden) followed by some type of competent rock for 
lowering  installation costs and having good thermal properties.  But even less -than-ideal geology 
can often produce satisfactory economics  and performance if the challenge is well characterized 
and prepared for by the project team.  Generally undesirable deep overburden (>100 feet to 
bedrock) may encourage a series of shallower boreholes using a mud -rotary drilling method.  
Encountering shallow methane deposits will also reduce depths and encourage the project to 
access other sources of thermal energy, such as nearby surface water or available wastewater 
resources to compensate.   

None of the three high lighted sites have classically ideal geology but all have sufficient thermal 
resources to support the diverse mix of buildings. Natives on geology for Rochester, Ithaca, and 
Norwich are laid out below, based on surveys from the US Geological Survey maps fo r surficial 
(surface) and bedrock geology, insight from local contractors & engineers, plus NYSDEC Water 
Well Logs as another good reference.  

Ithaca Site Geological Information  

Tomkins County DMV Site:  311 3rd St, Ithaca, NY 14850   

Our team conferred with Kevin Moravec of Barney Moravec Well Drilling . Mr. Moravec referred 
to the flat areas in downtown Ithaca as an old lake bottom, consisting of sand, gravel,  and clay. 
Drillers will encounter  a pressurized aqu ifer between 125 feet and 170 feet  with  the borehole  
yielding in  excess of 100 GPM.  These conditions present an especially large challenge in a dense 
urban environment as water management becomes time consuming and expensive. As 
mentioned earlier, if you prepare for this , the water can be managed but still will likely result in 
closed loop boreholes that are between 125 feet and 225 feet in depth.   

Our team also spoke with Dominick DeLucia, a Senior Engineer with Taitem Engineering, PC 
(located in Ithaca ) concerning the Purity Ice Cream ground source heat pump system.  Mr. 
DeLucia underscored the difficulties encountered by the geothermal drillers, who installed thirty 
(30), 220-foot  boreholes, with casing extending the full length, so no bedrock was encountered.  
The formation thermal conductivity test showed a 1.0 thermal conductivity, which is lower than 
found in most formations across NYS.  The Purity Ice Cream system did ultimately prove 
successful in its operation and provides a basis for the means, methods,  and projected cost of 
installing a closed loop system in this part of town, which is within 0.3 miles of the Ithaca DMV 
site. 

While less common, a networked groundwater system may be a more viable option for this flat 
section of town.   ϓťǀƚǜƑņϓǴģǔŌǀϓƚǀϓψƚƽŌƑωϓǈǺǈtem might use larger, re -ƽǜǀƽƚǈŌņϓψťģǈϓǀűťǈωϓto drill 
into the aquifer which could manage the backpressure from the water and install a series of 
central supply wells.  Water in the system would be isolated from any building mechanical 
equipment and then d ischarged back into the ground, ideally in a low -pressure  strategy ν like 
ψűƑŤűƇǔǀģǔűƚƑϓťģƇƇŌǀǺωέϓϓAn open loop system would replace the same volume of water that is 
extracted ν minimizing the affects or the volume and pressure of the aquifer that may impa ct 
nearby wells. Any open system approach would require careful study to ensure the protection 
ground water and close collaborations  with the with the City of Ithaca and the NYSDEC.   
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DEC NYS Water Well Database  available on 
Google Earth shows a listed well adjacent to the 
building  ͇̈́ϓƇģľŌƇŌņϓψàĿűŌƑĿŌϓ:ŌƑǔŌǀωϓǴŬűĿŬϓűǈϓűƑϓ
the footprint of the Ithaca Site in our study. Not 
surprisingly showing 95  feet in depth with 
matching casing of 95  feet  and ǀƚĿƄϓ ψƑƚǔϓ
encounterŌņωϓκ©Gλϓwith  65 GPM ν so relatively 
high-water  yield.   

US Geological Survey maps for surficial and 
bedrock geology:   

Surficial geology  in the area of the site has been 
mapped by the New York State Museum ν 
Geological Survey on the Surficial Geologic Map 
of New York ν Finger Lakes Sheet as: Glacial 
Outwash consisting of Sand Deposits associated 
with large bodies of water, generally a near  
shore deposit or near a sand source, well sorted 
& stratified, generally quartz sand, 2 to 20 
meters (6.5 to 66 feet) in thickness.   

The subsurface geology (bedrock)  in the area 
of the site has also been mapped by the United 
States Geological Survey ν Mineral Resources Online Spatial Data ν Geologic Maps as the 
Genesee Formation that consist of gray shale and mud stone  that ranges in thickness from 200 
to 1,000 feet.  This rock formation is Upper Devonian in age.  Secondary rock types within the 
Genesee Group consist of Siltstone and Limestone beds indicating that this area was a transitional 
zone when the sediments were deposited.  

Norwich Site Geological Information  

Chenango County, Town Center, TOPS Plaza Site: 54 E. Main St, Norwich, NY 13815 

In consultation with Barney Moravec Well 
Drilling the Norwich site is in a valley area of flat 
terrain but surrounded by higher elevations.  
There is no DEC Water Well listed in our 
immediate site location.  Water wells 
surrounding the site with similar sur face geo logy 
are showing 90 feet to rock so it is suspected  this 
area of the Tops Plaza maybe  be in the range of  
100 feet to bedr ock.  Based on some registered 
water wells north and south of this location in 
similar conditions , the static water levels are 10 
to 30 feet with yields of 25 to 100 GPM.  High 
static water level and good yielding wells are 
typically associated with good thermal 
properties for ground heat exchangers. The 
geology would suggest that full depth (up to 500 
feet) ground heat exchanges would be cost 
effective to drill on this site.  

Terrain Mode of Google Maps shows our site location 
on the flat section of the valley so suspected to have 

overburden depths over 100 feet  

Only DEC Water Well Listed in Ithaca Site shows 
high water yield and no bedrock en countered.  

Figure 14: Ithaca Site Nearby DEC Water Well 
Log 

Figure 15: Norwich Site Terrain View 






















































































































